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Paradoxic embolus involves passage of a venous
embolus into the arterial system. Although the exis-
tence of this clinical event has been established for
many years, advances in our ability to diagnose
intracardiac right-to-left shunts has increased recog-
nition of the potential for paradoxic emboli to occur.
Still, management and prevention of this problem
are controversial. An unusual case is presented in
which the embolus lodged in the innominate artery
with a small fragment proceeding further into the
cerebral circulation, resulting in stroke. Surgical
intervention was necessary to prevent both impend-
ing brachial emboli and further cerebral embolism.
CASE REPORT
A 54-year-old man with a 1-hour history of headache
and collapse was referred to the Vancouver General
Hospital. His history included hypertension, hypercholes-
terolemia, and myocardial infarction 10 years earlier. He
did not have diabetes and had stopped smoking after the
myocardial infarction. At examination the Glasgow Coma
Score was 15, but he exhibited left hemiparesis and left-
sided neglect, and the eyes deviated to the right. Further
examination revealed left-sided sensory loss, increased
tone, visual field deficit, and hyperreflexia in keeping with
a right-hemispheric stroke. The patient also had a cold,
pulseless right arm. Cuff blood pressure was obtainable
only from the left arm, which was normal to examination.
There also was no right carotid impulse.
An electrocardiogram showed normal sinus rhythm
with old nonspecific anteroinferior T-wave changes. A
computed tomographic scan of the head showed no evi-
dence of intracerebral hemorrhage. Angiography revealed
a large embolus in the innominate artery that extended
into the proximal right common carotid artery (Fig 1).
Right subclavian flow was established in a retrograde man-
ner through the vertebral artery, and the carotid bifurca-
tion could not be clearly visualized. A distal embolus was
present in the superior division of the right middle cere-
bral artery bifurcation, accounting for the neurologic
symptoms.
The patient was taken urgently to the operating room,
where a standard carotid bifurcation exposure was per-
formed as was dissection of the brachial artery at the ante-
cubital fossa. With electroencephalographic monitoring,
the external and internal carotid arteries were clamped,
and a Fogarty balloon-tipped catheter was used to remove
a portion of the thrombus from the innominate and prox-
imal common carotid arteries. The rest of the thrombus
was extracted with a Fogarty catheter passed up from the
brachial artery. During this second part of the procedure,
the internal carotid artery was kept clamped, and the com-
mon carotid artery was flushed out before the arteriotomy
was closed. The common and internal carotid arteries
were free of atheromatous disease. Normal carotid and
brachial circulation was restored. The procedure was com-
pleted within 6 hours of the onset of symptoms.
A postoperative transthoracic echocardiogram did not
demonstrate an intracardiac source of thrombus, mechan-
ical defect, or right-to-left shunt. A paradoxic embolus was
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suspected, and on further questioning, the patient admit-
ted to increasing right leg pain with mild swelling and pro-
gressive dyspnea over the 2-week period before admission.
Duplex ultrasonography of the right leg revealed throm-
bus involving the common femoral vein and extending
into the popliteal and calf veins. A ventilation-perfusion
scan demonstrated evidence of bilateral pulmonary
emboli. A search was made for a venous-arterial commu-
nication. Transesophageal echocardiography was per-
formed and demonstrated a patent foramen ovale with
marked right-to-left shunting during respiration and
coughing.
The patient’s neurologic status showed steady
improvement, and he quickly regained much of his left-
sided motor and sensory function. A computed tomo-
graphic scan obtained on the first postoperative day con-
firmed a 4.5-cm region of effacement in the right tempo-
ral region (Fig 2). The dyspnea resolved, and leg swelling
responded to rest and elevation. A Greenfield filter was
placed in the inferior vena cava on the fifth postoperative
day, and the patient was discharged later that day. Three
months after the operation he still had a left visual field
deficit, a slight left pronator drift, decreased fine sensation
in the left hand and arm, slowed fine finger movements,
and a decreased left arm swing. The patient continued to
be observed for resolution of the cerebral insult and for
deep venous thrombosis and pulmonary embolism.
DISCUSSION
This case report demonstrates the unusual situa-
tion of a massive paradoxic embolism lodged in the
innominate artery. A smaller embolic fragment had
already made its way into the middle cerebral artery
circulation and caused neurologic symptoms. A por-
tion of the innominate embolus would likely have
traveled down the brachial circulation.
The patient was treated with emergency surgical
removal of the innominate embolus to restore com-
promised cerebral and brachial circulation and to
prevent further embolization of debris. Access was
gained through both the right neck and right
brachial sites. This allowed effective restoration of
both carotid and brachial circulation and protected
the cerebral vasculature from embolic debris, which
might be dislodged during brachial embolectomy. A
more direct approach to the innominate artery
through a sternotomy was not favored because of a
higher morbidity associated with sternotomy and a
need to explore the carotid bifurcation for emboli,
because this area was not well visualized on the pre-
operative angiogram. It was also felt that direct sur-
gical manipulation of the innominate artery might
dislodge embolic debris, resulting in further cerebral
embolism.
A postoperative search was made for the source
of this patient’s unusual thrombus. When the
echocardiogram was found to be normal, a paradox-
ic embolus was suspected, and the patient was ques-
tioned specifically for signs and symptoms of venous
thromboembolism. The shortness of breath and leg
swelling were quite mild and had not been brought
to light in the preoperative assessment. A trans-
esophageal electrocardiogram was obtained and
revealed a patent foramen ovale, supporting the
diagnosis. It was chosen not to repair this lesion
because of the added morbidity of the procedure. A
Greenfield filter was placed to prevent possible fur-
ther pulmonary and paradoxic emboli from deep
venous thrombosis of the right leg. There have been
reports of subsequent paradoxic emboli despite
insertion of a Greenfield filter,1,2 and future surgical
closure of the patent foramen ovale remains under
consideration for this patient. Meanwhile, the
patient is receiving anticoagulation therapy to pro-
Fig 1. Digital subtraction angiogram demonstrates an
embolic filling defect in the innominate artery. Flow into
the right subclavian, carotid, and vertebral arteries is
markedly impaired. The right carotid bifurcation was not
visualized.
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tect him from further thromboembolism. An under-
lying cause of the venous thrombosis could not be
elucidated.
Paradoxic embolism was first described by
Cohnheim in 18773 and is an infrequent event,
accounting for fewer than 2% of all arterial emboli.4
It may be defined as passage of a venous thrombus
through a right-to-left shunt resulting in systemic
arterial embolization. Diagnosis is typically based on
the presence of an arterial embolism without a cor-
responding source in the left heart or the proximal
arterial tree, an embolic source within the venous
system with or without pulmonary embolism, an
abnormal intracardiac or intrapulmonary communi-
cation between right and left circulations, and a
pressure gradient that promotes right-to-left shunt-
ing at some point in the cardiac cycle.5 Although
most of these emboli are venous thrombus from
branches of the inferior vena cava,6,7 reports exist of
paradoxic embolization of fat,8 tumor,9 amniotic
fluid,5 and air.10,11
Sites of paradoxic arterial embolization usually
involve the cerebral vasculature or the extremi-
ties,1,12 although coronary, renal, and splenic arteri-
al emboli have been described.13 The site for right-
to-left shunting among such patients usually is a
patent foramen ovale; however, other atrial septal
defects, ventricular septal defects, and aortocaval and
pulmonary arteriovenous fistulas have been implicat-
ed.13-15 Patent foramen ovale has been found to be
present in 20% to 30% of the healthy popula-
tion.16,17 The actual overall risk for paradoxic embo-
lus in the presence of a patent foramen ovale is
unknown12 but likely correlates with the size and
hemodynamic features of the defect.
Treatment of patients with paradoxic emboli is
controversial and must be individualized. The acute
ischemic event must be addressed, and further
embolism must be prevented. In general anticoagu-
lation is indicated1 and is continued for 3 to 6
months or indefinitely if the patient has a patent
foramen ovale or chronic obstructive pulmonary dis-
ease–induced pulmonary hypertension, which would
enhance right-to-left flow.5,13 If deep venous throm-
Fig 2. Computed tomographic scan obtained 24 hours after the onset of symptom shows
early evidence of ischemic brain injury in the distribution of the left middle cerebral artery.
There is cortical effacement of the right temporal region.
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bosis is present, a vena caval filter should be consid-
ered, especially if pulmonary embolism is present or
if anticoagulation is contraindicated. Peripheral
emboli should be extracted when possible or man-
aged with thrombolysis. Surgical closure of a patent
foramen ovale, transcatheter closure, fibrinolysis,
and anticoagulation and antiplatelet therapy all have
been described5,12,13,18 with no prominent advan-
tage evident from a particular management strategy.
Hanna et al.19 observed no recurrences during a
mean follow-up period of 28 months among 15
patients with paradoxic cerebral embolus who
underwent treatment with aspirin, warfarin, open
heart closure, or a septal occlusion device.
Paradoxic embolism is a rare diagnosis that
should be entertained when a patient has arterial
embolism with no clear embolic source. A search
should be made for deep venous thrombosis and a
patent foramen ovale, both of which may be sub-
clinical. This case study illustrates a novel approach
to a large paradoxic embolus in an unusual location,
which if left untreated may have fragmented with
devastating consequences.
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